lian embryo development, the mammary gland, and the female reproductive tract and other remodeling in other organ systems [17] [18] [19] . The uterus, vagina, and supporting tissues undergo massive growth and remodeling throughout gestation, parturition, and the postpartum period. No other adult organ system undergoes such rapid growth and involution due to cellular hyperplasia, hypertrophy, and apoptosis as well as synthesis and degradation of the ECM [20, 21] . The nonpregnant human uterus weighs 50-60 g and increases 11-fold in weight during gestation [22] . There is a 7-fold increase in collagen and a 5-6-fold increase in elastin during this time [22] . By 8 days postpartum, the human uterus has undergone an involution of 75% toward baseline [22] .
The ECM not only has a structural role in tissues, it creates an environment that regulates and modulates a large, highly diverse number of cellular functions involving cell proliferation, adhesion, migration, differentiation, cell death, and tissue remodeling [23] . In humans there are 30 types of collagens and 23 MMPs; 19 of the disintegrin and MMPs with thrombospondin motifs (ADAMTS) family degrade ECM and other proteins [23] . In humans, numerous specific inhibitors, such as the four tissue inhibitors of MMPs (TIMPs) and a2-macroglobulin, are players in tissue remodeling. Thus, tissue remodeling involves both cellular turnover and ECM synthesis and degradation; it is an extremely complex process [19, [23] [24] [25] [26] . Mechanical forces, growth factors, cytokines, hormones, MMPs, and ADAMTS are all involved in the numerous cell signals that affect this important biological process [23] [24] [25] [26] . MMPs, zinc-containing multiple-domain enzymes, target a number of ECM proteins and other proteins sequestered in the ECM and are secreted as inactivate enzymes. Individual MMPs have prominent roles in tissues that do not always directly involve degradation of the ECM. For instance, MMP3 activates MMP1. MMP1 preferentially cleaves collagen III into 3/4 and 1/4 fragments, whereas MMP2 and MMP9 degrade denatured collagen or gelatin, acting as collaborators in ECM degradation by digesting collagenase-clipped collagen [23] [24] [25] [26] . MMP2 is able to digest native collagen types I, II, and III. However, its collagenolytic activity is weaker than that of other collagenases. Interestingly, pro-MMP2 is recruited to the cell surface and activated by the membrane-bound MT-MMPs and therefore probably has very local collagenase activity [24] . The study by Ma et al. [7] utilizes gelatin zymography to demonstrate that pro-MMP2 and pro-MMP9 and active MMP2 are increased in Hoxa11 KD mice. In gelatin zymography, the active forms of the MMPs are separated from their latent forms by molecular mass, as the active forms of the enzymes do not possess the 10-kDa inhibitory N-terminal domain and are therefore smaller molecules [27] . Ma et al. did not find active MMP9, suggesting that MMP2 is the more prominent enzyme in their model. Since MMP2 cleaves elastin and collagens I, II, III, and IV in the extracellular space and troponin, myosin light chain, and poly(ADP-ribose) polymerase within cells [23] , it is possible that other substrates in reproductive tissues also contribute to remodeling of the uterus and uterosacral ligaments.
TIMPs inhibit the MMPs in complex ways. The mechanism of action of MMPs is also complex, as pro-MMP-2 must form an essential complex with TIMP2 for its activation by MT1-MMP on the cell surface [24] . Ma and colleagues demonstrate that both TIMP1 and Timp2 decrease in the Hoxa11 KD mice. However, Timp1 was not affected, suggesting that TIMP1 was regulated at a posttranscriptional level [7] .
Modulation of the ECM modifies cell signaling and thus cell behavior; in turn, the cell behavior and gene expression patterns modulate the ECM. The process of dynamic reciprocity (Fig. 1 ) occurs when changes in Hox/HOX gene expression modulate expression of ECM molecule receptors and matrix-degrading enzymes and their inhibitors, which then further alters the expression of Hox/HOX genes and ultimately results in additional alterations in the ECM [28] . Thus, the study by Ma and others [7] represents a significant step in our understanding of female reproductive tissue remodeling. Their approach using a Hoxa11 KD [7] mouse model, with similar pelvic anatomy to humans [29] , provides the foundation for elucidating the complex pathways of tissue remodeling that are critical to our understanding of female reproductive tract disorders. An important question to answer is: are the changes in collagens, MMP2, Timp2, and MMP9 an effect of attempted repair after injury or a cause of POP because of collagen destruction in the uterosacral ligament [12, 26] ?
Diagram of the concept of dynamic reciprocity. Dynamic reciprocity is a concept proposed by Mina J. Bissell (see [6] and [28] for details). Changes in the ECM alter gene expression patterns and cell signaling, which in turn causes changes in the ECM resulting again in altered gene expression and the process continues. The schema in this figure is simplified to make the concept clear. In vivo the process is much more complex. The blue shapes represent stylized cells and indicate shape changes. Mechanotransduction involves cytoskeletal changes and thus altered cell shapes and is a player in dynamic reciprocity.
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